Purpose Evaluation of Fas receptor on surface of sperm, as an apoptotic marker, using flow cytometry and confirming the results using an antibody-antigen complex through the classic complement pathway. Materials and methods Semen samples were obtained from 10 fertile and 73 infertile individuals with diagnoses of male factor infertility. Expressions of Fas receptor and phosphatidyl serine on sperm were assessed by flow cytometry. Fas expression was further assessed by antibody-antigen complex through the complement pathway. Lysis was detected via PI (propidium iodide) staining. Results The mean Fas expression was considerably lower than previously reported values. No significant differences in the percentage of PI were detected before and after activation of the classic complement pathway. Annexin V positive samples showed low Fas expression. Conclusion Our results have confirmed the presence of selected apoptotic markers such as Fas or phosphatidyl serine on ejaculate sperm, but suggest that Fas expression is low. Further studies are required to investigate the "abortive apoptosis" mechanism through Fas/Fas L.
Introduction
In mammalian testis, germ cells expand clonally through many rounds of mitosis before undergoing differentiation steps that result in mature spermatozoa [1] . Apoptosis plays an important role in the testis by controlling germ cell number [2, 3] and 50-70% of germ cells ultimately undergo apoptosis at different stages of spermatogenesis [4] . This process is very specific and solely restricted to the germ cells of the seminiferous tubules [4, 5] . Substantial evidence suggests that apoptosis is under cellular control and involves the Fas/FasL system in testis [6, 7] .
Fas (CD95, APO-1) is a 45-kDa type 1 transmembrane receptor protein, which belongs to the tumor necrosis factor/nerve growth factor receptor family [8] . Binding of Fas ligand (FasL) or agonistic anti-Fas antibody to Fas, results in apoptosis [9] . In humans and several other species under normal conditions, Sertoli cells express FasL, which lead to the destruction of Fas-positive germ cells, thereby limiting the numbers of germ cell population to the capacity that Sertoli cells can support [2, 3, 10] .
Sakkas et al. first described the presence of Fas on ejaculated sperm and proposed the "abortive apoptosis" theory states that an apoptotic process begins in germ cells but fails to be completed and deleted, can end up as Fas positive sperm in the semen [11] . They also proposed that this theory may explain the presence of abnormal sperm observed in semen samples. In support of this theory, Sakkas et al. showed that 10-50% Fas expression in oligoasthenoteratozoospermia and oligoteratozoospermia samples were significantly higher than the percentage of Fas positive sperm in men with normal semen parameters [12, 13] . In contrast, later studies apparently have reached opposite conclusions which showed that Fas protein was not detected on the ejaculated sperm of normozoospermic and non-normozoospermic men [14, 15] . Considering the presence of substantial evidence that apoptosis is functional in sperm, taken together, these studies suggest that the presence of Fas receptor on sperm membrane remains controversial.
Studies assessing the presence of Fas on sperm have mainly implemented an immunostaining procedure. An alternative method is to use the classic pathway of antibody-antigen complex for detection of cell surface proteins. This procedure has been previously used for the detection of functional proteins on the surface of sperm. We have taken the controversy regarding the presence of Fas receptor on the sperm surface of subfertile individuals into consideration. Therefore, the aim of this study was to evaluate the presence of Fas receptor on the sperm of subfertile individuals and to further assess its presence via antibody-antigen complex through the classic complement pathway.
Material and method
This study was initially approved by the Ethical and Scientific Committee of Royan Institute as well as the Isfahan Fertility and Infertility Center.
Sperm analysis
Semen samples were collected from 10 fertile individuals who attended an embryo donation program and 73 infertile individuals with male factor infertility who were referred to the Isfahan Fertility and Infertility Center. All semen samples were collected by masturbation into sterile containers after 3-4 days of sexual abstinence and were delivered to the laboratory within 45 min after ejaculation. Sperm concentration and motility were assessed according to WHO criteria [16] and sperm morphology was assessed according to strict criteria [17] . The remainder of the semen was washed twice in Ham's F10+10% human serum albumin (HSA) for evaluation of Fas expression, viability and Annexin V.
Peripheral Blood Mononuclear Cell (PBMCs) analysis Blood samples were donated by researchers at Royan Institute. Peripheral blood mononuclear cells (PBMCs) were separated by Ficoll density gradient centrifugation (Ficoll Biotest, Germany) at 300 g for 15-20 min and washed twice in cold phosphate-buffered saline (PBS). PBMCs were used as a positive control, due to Fas expression on these cells [18] .
Determination of Fas on sperm
Samples were washed with Ham's F10+10% HSA. Then, sperm concentration was adjusted to 1 million per 100 μl. Subsequently, 10 μL fluorescin-isothiocyanate conjugated anti-CD95 mAb clone DX2 (BD Biosciences Pharmingen, San Diego, CA, USA), was added to 100 μl of the adjusted sperm sample for 90 min at 2-8°C. Then, sperm were washed with Ham's F10+10% HSA and adjusted to a final volume of 500 μl. Percentage Fas expression of each sample was analyzed by flow cytometry. Anti-CD95 mAb clone DX2 is a specific antibody for human Fas when it cross links with Fas and delivers an apoptotic signal which indicates that DX2 recognizes a functional epitope of the CD95 antigen [15, 19] . The same procedure was carried out with lymphocytes.
Fas analysis by flow cytometry
Samples were processed for Fas detection in human spermatozoa, as described by Pentikainen et al. 1999 , with minor modifications. The samples were analyzed by a FACSCalibur flow cytometer (Becton Dickinson) equipped with a 15 mW argon-ion laser for excitation (488 nm). For each sample, at a flow rate of <100 cells /second, 10,000 events were recorded within the characteristic flame shaped region in the forward light scatter/side light scatter (FSC/ SSC) dot plot, then a gate was used to select single sperm form clumps and debris. Green fluorescence (FITC) was detected in the fluorescence detector 1 (FL-1) with a 530/ 30 nm band pass filter, while red fluorescence (PI: propidium iodide) was measured in the fluorescence detector 2 (FL-2) with a 585/42 nm band pass filter. Instrument setting was performed using FSC/SSC dot plot in the isotype control for threshold adjusting and debris exclusion. Therefore, quadrant setting was accomplished in the FL-1/FL-2 dot plot that the lower left quadrant was included 99% of the total events. On the other hand, fluorescence compensation was set by acquiring samples separately labeled with green fluorescence and red fluorescence in the sample test. Data obtained from flow cytometry were analyzed using CellQuest Pro and WinMDI 2.9 software [20] .
Complement mediated lysis
Complement mediated lysis was performed according to the standard protocol for micro-lympho-cytotoxicity with some alterations. A total of 10,000 cells per ml were treated with 5 μl purified mouse anti-human CD95 mAb clone DX2 (BD Biosciences Pharmingen, San Diego, CA, USA) for 30 min at room temperature, followed by incubation for 1 h at 37°C with 25 μl rabbit complement (Code No:CL3111, Cedarlane, Ontario, Canada) [21] . To demonstrate the effect of complement-activating, and the degree of cell lysis, PI was used [22] .
Detection of membrane PS exposure and membrane integrity using the Annexin V assay Phosphatidyl serine (PS) is located normally to the inner leaflet of the plasma membrane bilayer. Apoptosis causes membrane phospholipid asymmetry and translocation of PS onto the outer leaflet of the membrane. Thus, the detection of PS exposure has been well established as an early apoptotic marker [23] . In the present study, detection of PS externalization in sperm was performed using a Phosphatidyl Serine Detection Kit (IQ, Texas, U.S.A), following the manufacturer's protocol with modifications. Generally, semen samples containing 1×10 6 sperm were first washed twice (300 g for 10 min at 4°C) with calcium buffer. The washed sperm were resuspended in the AnnexinV labeling solution [containing recombinant AnnexinV protein and Ca +2 ]. After incubation at room temperature for 15 min, sperm were washed twice with calcium buffer and stained by PI for 10 min. Immediately, samples were analyzed by flow cytometry. Annexin V was detected on the green fluorescence detector 1 (FL-1) with a 530/30 nm band pass filter.
Evaluation of sperm cell viability
A total of 10 μl of PI (Sigma, St. Louis, MO; 1 mg/ml water) was added to a 400 μl sperm suspension for 1 min, and then cells were immediately analyzed by flow cytometry to evaluate the percentage of dead cells (PI-positive) [24] .
Statistical analysis
Data was analyzed using the SPSS version 11 software package and a p value lower than 0.05 was considered significant. Significant relationships between the various parameters were evaluated by the Pearson correlation test. 
Results

Descriptive analysis
Assessment of Fas expression
In order to detect Fas expression, lymphocytes were used as a positive control. Figure 1 shows Fas positive cells detectable in the lymphocytes. Fas expression in lymphocytes was 28.16% but Fas expressions of sperm in subfertile individuals were much lower and ranged from 0.02 to 23.52% with a mean of 4.13% (Table 1) , and the mean of Fas expression in the fertile individuals was 0.96± 0.52.
The infertile individuals were also grouped according to WHO criteria for sperm concentrations of less or greater than 20 million/ml, sperm progressive motility of less or greater than 50% and according to strict criteria, in individuals with lower and higher than 14% normal morphology sperm (Fig. 4) . The results revealed that the percentage of Fas expression was significantly higher in the group with lower than 14% normal sperm morphology as compared to those with higher than 14% normal morphology (5.17±5.9 vs. 2.40±2. 4 
Assessment of cell viability post treatment with Fas antibody and complement
Complement mediated lysis was carried out both on blood and sperm suspensions, and the percentage of cell lysis was assessed by PI stain. Figure 2 shows that lymphocytes treated with purified mouse anti-human CD95 mAb followed by incubation with rabbit complement results in disappearance of Fas positive cells from the cell population and the percentage of PI positive cells to increase. Similar processes were carried out on sperm samples and no difference was observed in the percentage of PI positive sperm before and after treatment with purified mouse antihuman CD95 mAb followed by incubation with rabbit complement.
Assessment of phosphatidyl serine with Annexin V expression for phosphatidyl serine expression, were PI positive, which represented a state of late apoptosis.
Discussion
The results of this study did not reveal complete absence of Fas but showed low Fas expression on the sperm of infertile individuals. The mean value of Fas expression in our study was approximately 4% with a range of 0.02 to 23.5%, far lower than the reported value of 10-50% by Sakkas et al.
Considering the present results and discrepancies regarding the Fas expression in sperm, we decided to further verify the results and our procedure. Therefore, the presence of Fas was also assessed on PBMC. The results revealed that PBMC cells are Fas positive, as documented in the literature. To further confirm low Fas expression on sperm, the antibody-complement mediated pathway which has been proven to be a sensitive procedure for determining the presence of cell surface markers was implemented for both PBMC and sperm samples. As shown in Fig. 2 , the addition of complement along with Fas antibody increased the percentage of PI cells in lymphocytes. However, this procedure did not significantly increase the percentage of PI in the sperm samples treated with Fas antibody and complement, which further confirmed low Fas expression on the sperm of infertile individuals. Since low Fas expression does not preclude the absence of apoptotic sperm in semen samples, the presence of Annexin V showing phosphatidylserine externalization in apoptotic cells and Fas expression were simultaneously assessed. These results showed that, even in samples with high levels of Annexin V, Fas expression was low (Fig. 3) . Thus, this further confirmed the results of a previous study which indicated that apoptotic sperm (Annexin V positive cells) might not express Fas [25] . Sakkas et al. reported semen samples with low sperm concentrations and poor morphology were more likely to show higher levels of Fas expressing cells. In this study individuals were also categorized for motility, morphology and sperm density. Although, in this study we showed that the overall Fas expression was low, however only in individuals with lower and higher that 14% normal morphology, according to strict criteria, was a significant difference observed.
Therefore, this study further confirms the presence of selected apoptotic markers such as Fas or AnnexinV on ejaculate sperm, but suggests that Fas expression is low. Additional studies are required to investigate the true role of "abortive apoptosis" in infertility. 
